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Description 

FIELD OF THE INVENTION 

The present invention relates to novel gel electrolytes and solid batteries using the gel electrolytes. 

BACKGROUND OF THE INVENTION 

Batteries are each mainly constituted of positive electrode, negative electrode ^ e, *^^^!^ r 
to prevent decrease of lifetime of batteries caused by leakageor vaporization of the e^roiytics^u^ c^^ersd 
batteries have been desired to have structures of high rigidity, high sealing propert.es and excellent pressure. ^stance 
(e.g.. cylindrical type, square type, coin type). Particularly these days, various forms have been required for battenes. 
and development of flat type batteries having large area has been made. . .. . ^ 

in this Section, solid batteries nave been studied. As solid eectrolytes conteh°d in ^^^^^^ 
ceramics, inorganic conductive glasses (e.g., NASIKON, LISICON), ^^Ik tZeTva^s 
solid solution ofa polymer matrix and electrolytic salt have been studied. £ for *™^ e ™£J^*™™ 
problems have been pointed out For example, the inorganic electrolytes show poor stability or they are ^nctedn 
L battery system. The polymeric eolid electrolytes have tow ionic conducthrity or tow diaphragm 
show good processability. To cope with these problems, there have been dsc oseo. ^r^SS^ZS!^ 
trolytesuYrng polysitoxane (U.S. Patent No. 5.1 23.51 2) or polyphosphazene(U^ Patent 4.M0.656) as P^™*« 
a^poVmeric gel electrolytes using polyethylene oxid«rossllnKed f^**MM-& ^J^^^L^ 
5,229 ^5 No. ^9.970. No. 5.102.752). ethylene oxide copolymers (UJ Patent Na - 
Laid-Open Publication No. 24164/1 991 ). vinyl copolymers (Japanese Patent ^P^ Publ ^ No. ^8tr19^ 
or epoxy resins (U.S. Patent No. 5.006.431) as polymer matrix. These electrolytes. ar ° 88 

polymeric solid electrolytes tor batteries, from the viewpoints of tonic conductivity, film strength and stability. 

OBJECT OF THE INVENTION 

The present invention is intended to solve such problems shown in the ^^^ZSc 
ymers is matrix as described above, and it is an object of the invention toprovtoean tontoajy "JJ^fjT* 
gel electrolyte for batteries, which has high tonic conductivity and suffic .ntty high ^idstrengttr It* ^J^J* 
Se invention to provide a solid battery using the tonteally conductive polymeric * 
characteristics of preventing internal short-circuit even If no diaphragm is used and which has high ratability. 

SUMMARY OF THE INVENTION 

The tonteally conductive polymeric gel electrolyte of the present invention Is characterized in that tills gel e'ectrotyte 
cxxXTa^W matrix.3ent and an electro^ salt, andfhatthe f-^^^tZTlstSTa 
Roiutinn contains at least one kind of a halogen-substituted carbonic ester. In general. If a carbonic ester is ^J* 8 
^S^^^!^^ solutS of a polymeric gel electrode, elastic modulus of the resulting electrolyte 
tor solid battery tends to tower and the retention of the solvent is reduced. 

The present inventors have earnestly studied to solve these problem* and as a result, 
of at least one kind of a halogen-substituted carbonic ester as a solvent of the nonaqueous etecUolytc ^™ ™£* 
it possible to improve the elastic modulus of the solid electrolyte and to improve the retenttonrtme solvent without 
lowering the tonic conductivity. Based on the finding, the present invention has been accomplished. 

DETAILED DESCRIPTION OF T HE INVENTION 

The tonicaliv conductive polymeric gel electrolyte of the invention is described in detail hereinafter^ 
The ^rS^roVeof the^vention is of a homogeneous viscoelastic body as a ^obtM «npnses 
ap^e^ asoLeTaX 

a retotive dielectric constant of not less than 4.0 is preferably used as a solvent, because the ionic conductivity of the 
^StCSXtclr for use h the .ventton is represented by. for exarn^. th. 
* following formula [I]: 
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RI-CH2 -O-C -O-CH2 -R 2 HI 



wherein R 1 and Ffi are each a halogen-substituted or unsubstiluted alky) group of 1 to 4 carbon atorr^hydrogen or 
halogen, with the proviso that at least one halogen is present in at least one of R 1 and R*; and R' and R* may be the 

same or different _^ • 4 . 

When Ri and R* in the formula [I] are each an unsubstiluted alkyl group of 1 to 4 carbon atoms, the unsubstitoted 
alkyl group is preferably methyl, ethyl or the like. When W and R* are each a halogerwubstttutecl ^Igwup of 1 to 
4 carbon atoms, the halogen-substituted alkyl group is preferably a group which is substituted ^ rtlhe 1- 
or more position, such as chloromethyl. 2-chloroethyl. dichloromethyl. 2.2-dfchloroethyl. tnchloromethyl, 2.2.2-tncnlo- 
roethyl, pentachloromethyl. 2.2.3,3.3-pentachloropropyl. heptachloromethyl. 2 ' 2 - 3 ^^ 4 ^^^^^^ 
thyl. 2-fluoromethyl. difluorometnyl. 2.2-difluoroethyl, trifluoromethyl. 2.2^-tnfluoroeth^. Pfntefluoror^. 
2,2.3.3,3-pentafluoropropyl, bromomethyl. 2-bromoethyl. dibromomethyl. 2.2-dibromoethyt. tobrornornethyl, 2.2,2-tri- 
bromoethyl. iodomethyl or 2-kxJoethyl. When and R* are each a halogen atom, examples of the halogen atoms 
include fluorine, chorine, bromine and iodine. Particularly preferable is a fluorine-substituted ester, because cycle prop- 
erties of the resulting battery can be improved. . . . 

The halogen-substituted cyclic carbonic ester for use in the invention is. for example, a carbonic ester represented 

by the following formula pi]: 
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wherein R* and R« are each a halogen-substituted or unsubstiluted alkyl group of 1 ^ 2 cari^aton^hyo^ or 
halogen, with the proviso that at least one halogen is present in at least one of R 3 and R 4 ; and R 9 and R* may be the 

same or different . . „ . — . . 

When R3 and R« in the formula pi] are each an unsubstiluted alkyl group of 1 to 2 carbon atoms, the unsubsWuted 
alkyl group is preferably methyl. When R 3 and R 4 are each a hatogen-substiluted alkyl group of 1 to 2 carbon atoms, 
the halogen-substituted alkyl group is preferably a group which is substituted with halogen at thai- ofrrxre^mon. 
such aschloromethyl. dichloromethyl. trichloromethyl. fluoromethyl, difluorometnyl. tnfluoromethyl bron^thytdl- 
bromomethyl, tribromomethyl or iodomethyl. When Ri and R* are each a halogen atom, examples ^etetogen 
atoms include fluorine, chorine, bromine and iodine. Particularly preferable is a fluonneeubstltuted ester, because 
cycle properties of the resulting battery can be improved. 

Further use of the halogen-substituted carbonic ester contributes to improvement of flame retardance. 

For improving the ionic conductivity, the halogen-substituted non-cyclic carbonic ester is particularly preferably 

emP Santjlee of the halogen-substituted non-cyclic carbonic esters having a relative dielectric constant of not less 
than 4 0 include methyK-chloroethyl carbonate. methyW.2.24richloroethyl carbonate. methyt-2,2.2-trtluoroefnyl car- 
bonate, di(2,2,2-tritluoroethy1) carbonate and methyl-2,Z3,3.3-pentafluc«>propyl carbonate ^^.^ 

The halogen-substituted non-cyclic carbonic ester used in the invention is preferably one havng a relative dielectnc 
constant of not less than 6.0. and is more preferably one having a dielectric constant ofnc4les8 than 7.& 

Examples of the halogen-substituted non-cyclic carbonic esters having a relative dielectnc constant of not less 
than 6.0 and toss than 7.0 include methyt-2«hloroethyl carbonate and methyt-22.3.3.3^nuoroprop5j 

Examples of the hatogen-eubstiluted non-cyclic carbonic esters having a relative dielectnc constant of not less 
than 7.0 include melhyl-2,2.2-trifluoroethyl carbonate and di(22,2-trifluoroethyl) carbonate . • 

All of the halogen-substituted cyclic carbonic ester of the formula [II] have a relative dielectnc constant of not less 
than 4.0; therefore all of them are preferable. 

Examples ot the halogen-substituted cyclic carbonic esters include 
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fluoromethyl ethylene carbonate 




dif luoromethylethylene carbonate 




trif luoromethylethylene carbonate 




tluoroethylene carbonate, chloromethylethylene carbonate, dichlorornethylethylene **^*>*™^W^ 
ene carbonate, chtoroethylene carbonate. bromomethylethylene carbonate, dibrorr^ettiy let^e ca^^trib^ 
momethylethylene carbonate, bromoethytene carbonate, todomethylethylene carbonate, diiodomethytethyUme car. 

bonate, ttiiodomethylethylene carbonate and todoethylene carbonate. >fWi«r 

In the present invention, the hatogen^ubstituted carbonic esters may be used smgly or in combnat.cn of two or 

""b^ use of the halogen^ubstftuted non^yclic carbonic ester, a gel electrolyte ^™^f a ^ u ^'"££ 
conductivity, elastic modulus, retention of solvent and tow-temperature tonic conduct^ can be b««e. 
a flame-retardant gel electrolyte can be also obtained In the present invention, substituted cycle esters can be h«r- 
porated as other solvents for forming the electrolytic solution in addition to the nalogen-eubstrtuted carbonrc. eeter. 
Examples of such solvents for forming the electrolytic solution include ethylene carbonate (EC) and propytene carbon- 
ate (PC). Other solvents include dimethyl carbonate, diethyl carbonate, rbutylene carbonate. ™ k 
foiane. dioxolane. tetrahydrof uran. 2Hnethyltetrahydrof uran. methylethyl carbonate, d.mettyl ^^J*™*^ 
yethane. 1 ,2-ethoxymethoxyethane. methyl glyme. methyl triglyme. methyl tetragiyme. ethyl glyme ethyl di Jyrne and 
butyl digtyme. The solvents for forming the electrolytic solution, which are employable m the invention, are not United 
to those examples. The above-mentioned solvents may be used singly or n combnatron. 

Ol the cyclic esters mentioned above, particularly preferable are cycle carbonic esters such as EC and PC 
The amount of the hatogen-substituted norxydic carbonic ester in the mixed solvent of the r^-aqueous electro- 
lytic solution is preferably 5 to 80 % by volume, more preferably 20 to 70 % by volume, parbculariy preferably 30 to 50 

*X> toy voluflft6«" i . i . n l ,4 * 

The amount of the hatogen-substituted cyclic carbonic ester h the mixed solvent of the nonaqueous electrolytic 
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solution is preferably 20 to 95 % by volume, more preferably 30 to 80 % by volume, particularly preferably 50 to 70 % 

by volume. _ . 

The gel electrolyte of the invention is. for example/a thermoplastic gel composition comprising a polymer (e.g.. 
polyvrnylidene fluoride, polyaciylonitrile or polyethylene oxide), a solvent and an electrolytic salt; or a gel composition 
comprising polysiloxane having an ethylene oxide chain in its side chains or a crosslinked polymer having an ethylene 
oxide chain in its side chains or main chains (e.g.. polymer matrix crosslinked with urethane compounds, acrylic com- 
pounds or epoxy compounds), a solvent and an electrolytic salt. Of these, a gel composition having the crosslinked 

polymer is particularly effective. .... • 

The crosslinked polymer matrix is now described in detail. The polymerizable compound for use n the invention 
contains, in its molecule, a hetero atom other than a carbon atom, such as an oxygen atom, a nitrogen atom or a sulfur 
atom The polymeric gel electrolyte is obtained by. for example, dissolving the hetero atom-containing polymerizable 
compound in a non-aqueous solvent (or electrolytic solution), followed by performing polymerization reaction. The 
polymerization reaction is conducted preferably in an inert gas atmosphere. There is no specific limitation on the po- 
lymerizable compound for use in the invention, and any compounds capable of undergoing polymerization reaction 
such as thermal polymerization or active light polymerization (photopolymerizatton) to produce polymers can be em- 

PlCy Examplee of the polymerizable compounds for use in the invention include monofunctfanal and polyfunction^ 
(meth)aciytate monomers, and prepolymers thereof. The term '(methjacrytate" used herein means acrylate or meth- 

t 

flcrvtflto 

Examples of the monotunctional acrylates include alkyl (methjacrylates. such as methyl (meth)acrylate, butyl 
(methtecrytete, tritluoroethyl (meth)acryrate; altayclic (meth)acrylates; hydroxyalkyt (meth)acrylates. such as hydrox- 
yethyl acrylate and hydroxypropyl acrylate; hydroxypolyoxyalkylene (methjacrylate. such as hydro^ryaqra^ 
(meth)acrylate and hydroxypolyoxypropylene (meth)acrylate; and alkoxyalkyl (methjacrylates. such .as 
acrylate ethoxyethyl acrylate and phenoxyethyl acrylate. In the above hydroxypolyoxyalkylene (meth)acrylates. the 
oxyalkylene group prelerably has 1 to 4 carbon atoms. In the above alkoxyalkyl (meth)acrylates. the alkoxy group 

preferably has 1 to 4 carbon atoms. '.k^ii 

Examples of other (meth)acrylates include ethylene glycol (meth)aerylates, such as methyiethytene g*col (meth) 
acrylate. ethytethylene glycol (meth)acrylate. propylethylene glycol (meth)aciylate. P^'f^^B 1 ^ («^>**- 
ylate. methykfiethylene glycol (meth)acrylate. ethyldiethylene glycol (meth)acry1ate. methyletrwxydathyleneglyOTlacr- 
ylate methoxydiethylene glycol methacrylate. methoxytriethylene glycol acrylate. methoxytriethylene glycol methacr- 
y late and methoxytetraethylene glycol methacrylate; and propylene glycol (methjacrytates. such as ethylpropytene 
glycol acrylate, butylpropylene glycol acrylate and methoxypropylene glycol acrylate. . 

The (metMacrylates may contain a heterocyclic group. The heterocyclic group te a residual group of a heterocyclic 
ring containing a hetero atom such as oxygen, nitrogen or sulfur. There is no specific Irmilatipn on the lend of the 
heterocyclic group contained in the (meth)acrylates. but preferable are (meth)acrylates bayjng a urtuipriigrou^a 
tetrahydrofurturyl group, such as furfuryl (methjacrylate ortetrahydrolurfuryl (meth)acrylate. Examplee rf ^^ m f h ) 
acrylates having a heterocyclic group include alkylene glycol acrylates having a furfuryl group or a tetrahydrofurfuiyl 
group, such as turfurylethylene glycol (methjaciylate, tetrahydrofurturytethylene glycol (methjacrylate, furtuiylpropyl- 
ene glycol (methacrylate and tetrahydrofurfurylpropylene glycol (meth)acrylate. „ _ 

The (meth)acryiate compounds or the prepolymers thereof have a molecular weight of usually not more than 1 ,000, 
preferably not more than 500. more preferably not more than 300. . 

In case of a polymeric gel electrolyte obtained by the use of a (meth)acrylate monomer having a molecular weight 
of more than 1 .000. the non-aqueous solvent easily oozes out. The (meth)acrylate compounds mentioned above may 
be used alone or in combination of two or more kinds. ^ c • An 

The (methtacrylate compound is used in an amount of usually not more than 50 % by weight, preferably 5 to 40 
% by weight, more preferably to to 30 % by weight, based on the amount of the non-aqueous electrolytic solution. 

The polyf uncttonal (meth)acrylate compound is. for example, a monomer having two or mors (meth)acryloy1 groups 
or a prepolymer thereof. Examples of such polyfunctions (meth)aciylate compounds include ethjrtene glycol dirneth- 
acrytete diethylene glycol di(meth)acrylate. tetraethylene glycol di(meth)aciylate, triethylene glycol di(meth)aaytate. 
tripropylene glycol diacrylate, EO^nodified trimethykxpropane Uiaciylate. POmodffied trimethytotpropane tnacryfate. 

butanedk* (rnethtecrylate. ttirro^^ 

In the preparation of the crosslinked polymer matrix, a combination of a monotunctional monomer and a polyf unc- 

tional monomer is particularly preferably used ...... 

It the roonof uncttonal monomer and the polyf uncttonal monomer are used In combination and If the poJyfunctional 
monomer is a polyfuncttonal (meth)acry1ate compound, the polyfunctfonal (meth)acrylate compound is used m an 
amount of not more than 4 % by weight, prelerably 0.05 to 2 % by weight, based on the amount of the norvequeous 
oloctfolvtic solution 

In ttie polymerization reaction of the above monomers, a polymerization initiator such as a photopolymerizatton 
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initiator or & thermal polymerization initiator is generally employed. 

Examples of the photopotymerizatkxi initiators include carbonyl compounds, such as benzoins (e.g.. benzoin, 
benzoin methyl ether, benzoin ethyl ether, benzoin teopropyi ether, benzoin isobutyl ether, o-phenylbenzom) and an- 
thtaquinones (e.g, anthraquinone. methylanthraquinone, chloroanthraquinone). other carbonyl compounds <°-»v ben " 

5 zykJiacetyl, acetophenone. benzophenone. methylbenzoyl formate); sulfur compounds, such as diphsnyl suirKJeand 
dithiocaibamate; halides of potycondensed cyclic hydrocarbons, such as a-chtoromethylnaphthalene; dyes, such as 
acriflavme and fluorescein; metallic salts, such as iron chloride and silver chloride; and onium salts, such as p<neth- 
oxybenzenediazonium. hexafluorophosphate. diphenyliodonium and triphenylsultonium. These photopolymenzation 
initiators may be used singly or hi combination of two or more kinds. Of the photopolymenzation initiators, preferable 

10 are carbonyl compounds, sulfur compounds and onium salts. 

Examples of the thermal polymerization initiators include azobisisobutyronitrile. azoblsisovaleronltnle. benzoyl per- 
oxide, lauroyl peroxide, ethylmethyl ketone peroxide. bis-(4-t-butylcyclohexyl) peroxydicaibonate and diisopropyl per- 
oxydicarbonate. A sensitizing agent and a storage stabilizer can be optionally used in combination with the polymeri- 
zation initiator. Further, the thermal polymerization initiator and the photopolymerization initiator may be used in com- 

Examples of the sensitizing agents prelerably used in the invention Include urea, nttrile compounds such as N^- 
di-p-aminobenzonitrile, and phosphorus compounds such as tri-n-butylphosphine. Examples of the storage stabilizers 
preferably used in the invention include quaternary ammonium chloride, benzothiazole and hydroqumone. The polym- 
erization initiator is used in an amount of usually 0.1 to 10 % by weight, preferably 0.5 to 7 % by weight, based on tiie 
so total amount of the polymerizable compound. The sensitizing agent or the storage stabilizer » used man amount of 
usually 0.1 to 5 parts by weight, based on 100 parts by weight of the polymerizabte compound. 

Gelation of the electrolyte of the invention can be achieved by pouring Wo a sealed container the norvaqueous 
electrolytic solution comprising a polymerizable composition containing the aery late monomer, or by coating a substrate 
(e.g., film, metal or glass) with the nonaqueous electrolytic solution and performing polymerization reaction bymeans 
es of heat or active light Examples of the active lights generally used in the invention include visible light. ultravtoW Bgnt. 
electron rays and X rays. The resulting polymeric gel electrolyte independently is viscoelastic. and preleraWy has an 
elastic modulus of not less than 1 0 2 dyne/cm when it is used to form a battery, while its ionic conductivity is maintained 
at not less than 10*3 s/cm. The polymeric gel electrolyte can effectively function as a polymeric electrolytic layer of a 
battery. The gelated electrolyte is made to be in the form of a film, a sheet, or a exxnposite of the electrolyte with a part 
so of other members (constituents) for forming a battery, to produce an article. _ 

Examples of the electrolytic salts tor use in the invention include Lewis acid complex salts.such as LBF*. LiAsFe, 
UPF B and LiSbF 6 ; and sulfonic acid electrolytic salts, such as UCFgSQ* LiNlCFjSOafe. UC(CF 3 SO^ UC{CI-y 
(CF3SO&. UCH^SO^. UCH^CFaSOd. LiC^SC),, LiN^SO^. UBtCFgSO^ ^^^g^f ^^ 
no IMMtan tothose examples. Other electrolytic salt includes LiCI0 4 . UCF^CO,. NadO* NaBF 4 . NaSCN, KBF 4 . Mg 
* (CIO.), and Mg(BFi)o. The electrolytic salts employable in the invention are not limited to those examples either^and 
any electrolytic ealtsused for the conventional non-aqueous electrolytic solutions can be employed. The electrolytic 
salts mentioned above may be used in combination. . 

The non-aqueous electrolytic solution is a solution of the electrolytic salt In the aforesaid non-aqueous solvent 
The concentration of the electrolytic salt in the non-aqueous electrolytic solution is in the range of usually 1.0 to7.0 
40 mol per liter of the nonaqueous solvent, preferably 1 .0 to 5.0 mol per liter of the nonaqueous wlver* The a^ontof 
the non-aqueous electrolytic solution is usually not less than 200 % by weight, preferably 400 to 900 %^ bywelgW. 
particularly preferably 500 to 800 % by weight, based on the amount of the high-molecular weight compound (polymer) 
for forming the matrix. If the amount thereof is Isss than 200 % by weight, the rTOU ^^ ®^ ro ^^ 0< *'**!'*'* * 
sufficiently high ionic conductivity. If the amount thereof exceeds 900 % by weight, solidrficaton of the non-aqueous 

*s electrolytic solution becomes difficult • 

The polymeric gel electrolyte can be used tor polymeric gel electrolytic layers of electrochemical elements, such 
as batteries, condensers, sensors, electrochromic devices and semiconductor devices. 

Next use of the polymeric gel electrolyte of the invention as a battery electrolyte is described in detail 
In general, a battery consists of a positive electrode made of a positive electro* active inatertal. a^jvedec- 
50 trode made ol a negative electrode active material, and an electrolyte. By the use ot the gel electrolyte ot the 

as the battery electrolyte, batteries which have advantageous features unlike the conventional ones can be obtained. 
When the gel electrolyte of the invention is applied to batteries, the gel electrolyte itself can be made tohave ateoa 
function of diaphragm However, the gel electrolyte of the invention is desired to be united to d^ragm rrrto one body 
tor the purpose of producing a uniform electric field between the electrodes, irnprovtng strength of the electrolyte and 
« enhancing reliability of the resulting batteries. This should be taken into consideration esfieciaBy m *"«^ 
Examples of the positive electrode active materials used for the battery of the T?^"? 
sulfide, such as TiS^ MoJ* and Co^; transition metal oxides, such as VjO-, MnO, and CoO* t^srtx^talchal- 
cogen compounds- and complex compounds of these metal compounds and Li (i.e.. U complex oxides), such as 
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UMn0 2 , UMnA. UCoO* LiNiO* UCoJMuft (0 < x < 1). LiMna^X^ and UMn^W^ (0 < a < 2, 0 < b < 2. 
0 < a4b < 2). Examples of electroconductlve materials include one-dimensional graphltlzation products (thermal po- 
lymerization products of organic materials); fluorocarbons; graphites; and electroconductive polymers having an elec- 
trical conductivity of not less than 10-2 s/cm, such as polyaniline, potypyrrole, potyazulene, polyphenylene, polyacety- 
5 lene, polyphthalocyanine, pory-3-methylthiophene, polypyridme and polydiphenylbenzidine, and derivatives of these 
conductive polymers. 

Examples of the negative electrode active materials used for the battery of the invention include metallic materials, 
such as lithium, lithium-aluminum alloy, lithium-tin alloy and lithium-magnesium alley; carbons (including graphite type 
and non-graphite type); carbon-boron substituted substances (BC^N); and intercalation materials capable of occluding 

to lithium ion, such as tin oxide. Particular examples of the carbons include calcined graphites, calcined pitch, calcined 
coke, calcined synthetic polymers and calcined natural polymers. In the present invention, the following carbons are 
employed- (1) insulating or semiconductor carbons obtained by calcining synthetic polymers such as phenol resn and 
polyimkJe or natural polymers in a reducing atmosphere at 400 to 800 *C\ (2) electrocoodutive carbons obtained by 
calcining coal, pitch, synthetic polymers or natural polymers in a reducing atmosphere at 800 to 1,300 # C; and (3) 

is graphite type carbons, such as those obtained by calcining coke, pitch, synthetic polymers or natural polymers in a 
reducing atmosphere at not lower than 2,000 'C, and natural graphites. 

Examples of positive current collectors for use in the invention include metal sheets, metal foils, metal nets, punch- 
ing metals, expanded metals, metal plated fibers, metallized wires, and nets or nonwoven fabrics made of metal- 
containing synthetic fibers. Examples of metals used for these positive current collectors include stainless steel, gold, 

20 platinum, nickel, aluminum, molybdenum and titanium, a these, preferably used are aluminum, stainless steel and 
titanium, from the viewpoints of electrical conductivity, chemical stability, electrochemical stability, economical effects 
and processabllity. 

Though the polymeric gel electrolyte of the invention can be per se used as diaphragm of batteries, it may be used 
after a filler is dispersed therein or after it is combined with a porous film (separator) to prepare a composite. Examples 
2S of the separators include glass fiber filters; nonwoven fabric filters made of fibers of polymers such as polyester, Teflon, 
Polyflon, polypropylene and polyethylene; and other nonwoven fabric filters made of mixtures of glass fibers and the 

above polymeric fibers. .. . . . . 4 . , . 

It is preferable that the battery of the present invention is manufactured in the form of one united viscoelastic body 
from the polymeric gel electrolyte and other battery constituents (members) such as electrodes and diaphragm by a 

oo process comprising the steps of impregnating those members with a composition for forming polymeric gel electrolyte 
and performing polymerization under heating or irradiation with active light Uniting of the polymeric gel electrolyte to 
battery members may be carried out member by member. Owing to the polymeric gel electrolyte and the battery meny 
bers thus united, the electrode reaction at the positive or negative electrode and the ion movement can be smoothly 
made, whereby internal resistance of the battery can be markedly decreased. ^ 

as Especially when the polymeric gel electrolyte containing the halogen-substituted carbonic ester is used as a battery 
constituent, batteries, which have small thickness, are free from short-circuit and leakage of solution, show excellent 
battery properties and are quite safe, can be obtained because of high elastic modulus of the polymeric gel electrolyte 
and good retention of the solvent 

40 EFFECT OF THE INVENTION 

Claims 1 to 9 exert such an effect that an ionically conductive polymeric gel electrolyte, which is improved in elastic 
modulus and retention of solvent without bringing about decrease of tonic conductivity, can be obtained. Also, claims 
1 to 9 exert such an effect that a gel solid electrolyte, which shows sufficiently high solid strength and high retention 
<5 of solvent by virtue of a crosslinked polymer matrix used as the matrix, can be prepared. 

Claim 10 exerts such an effect that a solid battery of sufficiently high solid strength, which has a small thickness 
and is tree from solution leakage and short-circuit, can be prepared. 

EXAMPLE 

so 

The present invention will be further described with reference to the following examples, but it should be construed 
that the invention is in no way limited to those examples. , . . 

The non-aqueous solvents and electrolytic salts used in the following examples are those of battery grade hawg 
been sufficiently purified to have water content of not more than 100 ppm and having been subjected to treatment of 
55 removing oxygen and nitrogen. In the examples, all of the operations were carried out in an inert gas atmosphere. The 
ionic conducfrvrty was measured in the following manner using an tonic conductivity measuring cell at 25 9 C. 

That is a SUS cylindrical container (inner diameter 20 mm), an inner surface of which was covered with an insu- 
lating tape 'except the inner bottom surface serving as a counter electrode, was filled with a sold electrolyte. Then, a 
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6 



SUS column-like material (diameter. 1 8 mm) serving as a working electrode was fixed by press to the surface of the 
solid electrolyte, to measure the ionic conductivity. 



Example 1 

lonicallv conductive polymeric solid electrolyte (0 



In a non-aqueous solvent of propylene carbonate/ethylene carbonate/di(2,2,2-trifluoroethyl) carbonate (4/4/2. by 
volume) was dissolved LiN^SO,), in an amount of 20 mol per liter of the solvent, to prepare an electrolytic solution. 
io This electrolytic solution of 80 parts by weight was heated to 60 «C. and thereto waa added 20 parte 'bright* 
polyacrylonttrile. Then, the mixture thus obtained was cooled to 1 0 »C to solidify it. Measurement of the icnicconductivrty 
of the obtained solid resulted in 2.7 X 10-3 Stem . The solid had an elastic modulus of 3.0 X 10* dyne/cm*. 

► , 

Comparative Example 1 

is 

Solidification of an electrolytic solution was earned out in the same manner as In Example 1 . except that c«(2,2.2-tfi- 
fluoroethyl) carbonate of the non-aqueous solvent was replaced with dipropyl carbonate. The resulting solid had an 
ionic conductivity of 2.3 X IO* S/cm and an elastic modulus of 8.0 X 10* dyne/an 2 . 

» Example 2 

lonicallv conductive polymeric so lid electrolyte (IIV 

In a non-aqueous solvent of propylene carbonate/ethylene carbonateMiethyl-2.2.2-trichloroethyl carbonate (reja- 
25 tive dielectric constant: 4.9) (3/3/4. by volume) was dissolved UCtCFgSOjfe in an amount of 1 .8 ^» r ""?' ■» 
solvent, to prepare an electrolytic solution. This electrolytic solution of 85 parts by weight was heated toM*C,and 
thereto was added 15 parts by weight of polyvhylidene fluoride. Then, the mixture thus obtained w^cooWtolOC 
to solidify it. The resulting solid had an ionic conductivity of 2.4 X 10* S/cm and an elastic modulus of 3.5 X 10* dyne/ 
cm*. 

so 

Comparative Example 2 

Solidification of an electrolytic solution was carried out in the same manner as in Example 2 except that methyl- 
2.2.2-trichloroethyl carbonate of the non-aqueous solvent was replaced with diisopropyl carbo^e (relative d«lectric 
« constant 25). The resulting solid had an ionic conductivity of 1.9 x 10* S/cm and an elastic modulus of 1.0 X 10* 
dyne/cm2. 

• * 

Examples 

40 lonicallv conductive polymeric solid e lectrolyte All) 

In a non-aqueous solvent of ethylene carbonateAnethyl-2.2.2-trifluoroethyl carbonate (1/1. by volume) wasoTs- 
sotved LiPF e h an amount ot 2.0 md per liter of the solvent, to prepare an electrolytic solution. In this electrolytic 
solution of 80 parts by weight were dissolved 20 parts by weight of methyldiethylene glycol methacrylate as a mono- 
45 functional monomer and 0.06 part by weight of benzoin isobutyl ether as a photopolymerizalion initiator, to) preparea 
photopolymerizable solution. The solution was introduced into the ionic conductivity measuring cell and irradated wrth 
ultraviolet light by means of a highpressure mercury vapor lamp to solidify the elect ror/ticsolution. The resulting sotia 
had an ionic conductivity of 3.0 X 10* S/cm and an elastic modulus of 4.1 x 103 dynefemz. 

so Comparative Example 3 

Solidification of an electrolytic solution was earned out in the same manner as in Example 3. except that methyl- 
22,2-trilluoroethyl carbonate ol the non-aqueous solvent was replaced with dimethoxyethane. The resuttng solid had 
an ionic conductivity of 9.7 x 10-* S/cm and an elastic modulus of 6.0 X 10 2 dyne/cm 2 . 
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Example 4 

lonicallv conductive polymeric solid electrolyte (I VI 

In a non-aqueous solvent of propylene carbonate/ethylene <art>onate/methyl-2-^l0foethyl carbonate (2/3/5, by 
volume) was dissolved UCF 3 S0 3 in an amount of 1 .6 mol per liter of the solvent, to prepare an electrolytic solution. 
In this electrolytic solution of 75 parts by weight were dissolved 1 5 parts by weight of diethylene glycol dimethacrylate 
and 0.05 part by weight of benzoin isopropyl ether as a photopolymerizatton initiator, to prepare a photopolymerizable 
solution. The solution was solidified in the same manner as in Example 3. The resulting solid had an ionic conductivity 
of 2.4 x 10- 3 S/cm and an elastic modulus of 3.8 X 10 3 dyne/cm 2 . 

Comparative Example 4 

Solidification of an electrolytic solution was carried out in the same manner as in Example 4, except that methyl- 
2-chloroethyl carbonate of the nonaqueous solvent was replaced with dimethoxyethane. The resulting solid had an 
ionic conductivity of 2.2 x 1 0* S/cm and an elastic modulus of 7.0 x 1 0 2 dyne/cm2. 

Examples 

lonicallv conductive polymeric sol id electrolyte (V) 

In a non-aqueous solvent of propylene carbonate/ethylene carbonate/methyl-2,2,3,3.3-pentaf luoropropyl carbon- 
ate (2/5/3, by volume) was dissolved LiNtCFaSO^ in an amount of 2.0 mol per liter of the solvent, to prepare an 
electrolytic solution. In this electrolytic solution of 86 parts by weight were dissolved 1 3.8 parts by weight of ethyldieth- 
ylene glycol methacrylate as a myofunctional monomer, 0.2 part by weight of PO-modified trimethylolpropane triacr- 
ylate as a polyf unctional monomer and 0.05 part by weight of methylbenzoyl formate as a photopolymerizatton Initiator, 
to prepare a photopolymerizable solution. The solution was solidified in the same manner as in Example 3. The resulting 
solid had an tonic conductivity of 2.7 X 10* S/cm and an elastic modulus of 3.8 X 10 3 dyne/cm 2 . 

Comparative Example 5 

Solidification of an electrolytic solution was carried out in the same manner as in Example 5, except that methyl- 
2,2,3,3,3-pentafluoropropyl carbonate of the non-aqueous solvent was replaced with dipropyl carbonate. The resulting 
solid had an tonic conductivity of 1 .7 X 10* S/cm and an elastic modulus of 5.6 X 10 2 dyne/cm 2 . 

Example 6 

lonicallv conductive polymeric solid e lectrolyte (VP 

In a non-aqueous solvent of propylene carbonate/ethylene carbonate/methyl-2,2,2-trifluoroethyl carbonate (3/3/4, 
by volume) was dissolved LiBF 4 in an amount of 1 .8 mol per liter of the solvent, to prepare an electrolytic solution. In 
this electrolytic solution of 85 parts by weight were dissolved 1 4.9 parts by weight of methoxytriethylene glycol aciyiate 
as a myofunctional monomer, 0.1 part by weight of dipentaerythritol hexamethacrylate as a polyf unctional monomer 
and 0 05 part by weight of methylbenzoyl formate as a photopolymerization initiator, to prepare a photopolymerizable 
solution. The solution was solidified in the same manner as in Example 3. The resulting solid had an tonic conductivity 
of 2.6 X 10* S/cm and an elastic modulus of 3.5 x 10 3 dyne/cm2. 

Comparative Example 6 

Solidification of an electrolytic solution was carried out in the same manner as in Example 6, except that methyl- 
2,2,2-trifluoroethyt carbonate of the non-aqueous solvent was replaced with dimethoxyethane. The resulting solid had 
an ionic conductivity of 23 X 10* S/cm and an elastte nxxiulus d 8.4 X 10^ 

Example 7 

lonicallvconductive polymeric so lid electrolyte Ml) 

In a non-aqueous solvent of propylene carbonate/ethylene <arbonate/methyt-2<htoroethyl carbonate (2/5/3, by 
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volume) was dissolved LiAsF 6 in an amount of 2.0 md per liter of the . k** k '^f^SS^SSSl 
this electrolytic solution d 60 Jarts by weight were disced 1 4.7 parte by ^J^^^^^Si 
as a monofurKtional monomer, 0.3 part by weight of diethytene glycosylate « « ^^^'^^^nv 
part by weight d methylbenzoyl formate as a photopolymerteatton initiator were d MM Jopj »»a 
5 erizabte solution. The solution was solidified in the same manner as m Example 3. The result** solid had an ionic 
conductivity d 3.2 x 10* S/cm and an elastic modulus d 3.1 x 103 dyne/cm* 

Example B 

to lonicallvconductlve polymeric solid ele ctrolyte (Villi 

in a nonaqueous sdvent d propylene carbonate/ethylene ^f^^uS TZZ^M 
vdume) were dissolved \M«**0* in an amount d 1 .8 md per Iter of the sdvent ^^^^^ 
md per liter d the solvent, to prepare an equivalent mixed elecuolytic solutroa n this '^^^^^ 

cooductivtty of 3.4 x 10* S/cm and an elastic modulus of 3.2 x 10 3 dyne/em . 

20 

Comparative Example 7 

SoKdiHcatbn d an electrolytic sdution was carried out in ^^^"^^^^^^^'^ 
. fluoroethyl) carbonate d the non-aqueous solvent was replaced wth t""*^™**"* The «* uWn 9 solid had an 
25 ionic conductivity d 2.0 X 10* S/cm and an elastic rnodulus d 7.3 X 10* dyne/cm* 

Example 9 

I on tea Hv conductive polymeric s olid electrolyte 



30 



95 



in a nonaqueous solvent d propylene cartxx^e^ 

Z££SZ£ »%£ by we^ht d ethoxydiethytene glycd methacrylate ^SSSSS^S^ 
parTby weight d diethylene glycol dlmethacrybte as a polvfu^cnalrr^r ^™ 5 ^*J^*£Z 
^opy.e"erasap*ot^ 

in the same manner as in Example 3. The resulting sold had an ionic conductivity of Z.4 x iu- arcm 
modulus d 2.9 X 10 3 dyne/cm 2 . 



40 Example 10 



45 



60 



lut ni^auv ^>-» muuu vp i/v-m y ■ i»p" v - . _. — . 

to prepare an equivalent mixed electrolytic sdution. in this elearo^ic^ionoi oapa, , «* 
14 0 parts by weight d methyldiethylene glycol acrytete as a mondundwnal '^^^^as irra- 

meiyTolprSane Lcrytete as a polylundiona. monomer, to P^^^^^^^S^cm Zi 
dialed wrthllectron rays to solidify the sdution. The resulting solid had an tonic conductivity d 3.8 x 10* S/cm ana 



dyne/cm^. 



Example 11 
lonlcallv conductive polymeric solid eii 



inanon^queoussdverndtrifiuoromethyle^ 
, t „ . ^ . 4D(lvslnflf , Hor rrf the solvent to prepare an electrolytic solution, in tnis eiecroiyuc soiuiwm vh 
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to 



15 



20 



26 



30 



0 2 oart bv weiaht of trimethylolpropane triacrylate as a potyf unctional monomer and 0.06 part by weight of benzoin 

in£e same manner as in Example 3. The resulting solid had anionic conductivity of 1.8 X 10* S/cm and an elastic 
modulus of 1 .4 X 10 4 dyne/cm 2 . 

Example 12 

lonicailv conductive polyme ric solid electrolyte (XM) 

in a nonaqueous solvent of dmuoromethylethylene carbonated 
ume) were disced UPF 6 in an amount of 1.5 mol per l*er of the sofcent. * 

electrolytic solution of 86 parts by weight were dissolved 13.8 parts by weght of ^ 
monolunctional monomer, 0.2 part by weight of trimethylolpropane tnacryla* as ^ u ^^^^ e ^^ 
part by weight of benzoin isopropyl ether as a photopolymerization initiator, to prepare a P™^^^^™™ 
Se soluti™ was solidified inthe same manner as in Example 3. The resutting solid had an ionic conductivity of 2.8 X 
10* S/cm and an elastic modulus of 4.0 x 10 3 dyne/cm 2 . 

Example 13 

The gel electrolytes obtained in Examplee 1 to 12 and Comparative Examples! to7 were a, *^^j" 
inert™* atmosphere, to evaluate retention of the solvent in each gel electrolyte. The results are eet forth in Tables 1 

and 2. 
Example 14 

Evaluation of negative electrode ba ttery properties 

To a solution obtained by dissolving 2 parts by weight of potyvinylidene fluoride in .68 parte by v^ofN^ettv 
ylpyrrol^e w^ added 40 U by weight o, coKe havfcg been cafcinec I at 2.«« 'C 
mBiing in an inert atmosphere to prepare a coating dispersion tor negate ek^rode The 

„ m „L tail ithinknaBB- 20 urn) bv means of a wire bar in the atmosphere and dried at 1 00 C for 1 5 mnutes id prepare 
«T^Ta^gTfS7teSa^60 um Then, a charge and discharge test was performed using the above 
ZSSH anTgatLSectrode. a U piateas a counter electrode and each of the gel electrotytes pre^edhEx- 
!moi^i to 12 and Comoarative Examples 1 to 7. The charge and discharge test was earned out n the fo«owfa»g 
%£XESZS£5> Measuring device of Kf-201 » ^££«£^ v ^ a 
currant of 1 5 mA was applied to the gel electrolyte until a change of the battery voltage became 0 V then aeonrara 
voteoe^s apSedTorTh^urs. to charge the battery. After one hour, the battery was discharged at a current ofVS 
mTso^h?S^ 

properties of the negative electrode battery. The results are set forth n Tables 1 and £ 
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Ionic Conductivity 
(S/cm) 


Elastic Modulus 
(dyne/cm 2 ) 


Retention of 
Solvent 


Battery Energy 
Density (mAh/cc) 
(initial period: 30 
cycles) 


Battery Property 
(after 300 cycles) 


Ex.9 


2.4X10* 


2.9X10 3 


BB 


_ 261 


" BB 


Ex.10 


3.4X10* 


3.2X10 3 


AA 


270 


AA 


Ex. 11 


1.8X10" 3 


1.4X10 4 


AA 


■ "245 . 


BB ~ 


Ex. 12 


2.8X10* 


4.0X103 


AA 


250 


BB 



Remarks: 
"AA" means excellent. 
"BB" means fairty good. 
"CC" means good. 
"DD" means poor. 



Table 2 



Ionic 
Conductivity (S/ 
cm) 

Cony. Ex. 1 | 2.3X10* 
Cony. Ex. 2 \ 1.9X10* 
Cony. Ex. 3 | 9.7X10* 
Cony. Ex. 4 | 2.2X10* 
Comp,Ex.5| 1.7X10* 
Cony. Ex.6 \ 2.3X10* 

Cony. Ex.7 1 2.0X10* 

Remarks 
"AA" means excellent. 
"BB" means fairly good. 
"CC" means good. 
"DD" means poor. 



Elastic Modulus 
(dyne/cm 2 ) 



8.0X1 0 2 
1.0X10 3 
6.5X1 0 2 
7.0X1 0 2 
5.6X10 2 
8.4X1 0 2 
7.3X1 0 2 



Retention of 
Solvent 



DD 
DP 
DD 
DD 

CC 
CC 
CC 



Battery Energy 
Density (mAh/ 
cc) (initial period: 
30 cycles) 

260 



232 
270 
24a 



250 



Battery Property 
(after 300 cycles) 



DD 
DD 

"cc 



AA 



Claims 

1. An ionically conductive polymeric gel electrolyte comprising a polymer matrix, a nonaqueous electrolytic solution 
and an electrolytic salt, wherein the solvent of the nonaqueous electrolytic solution comprises a hatogen<subst.- 
tuted carbonic ester. 

2. An electrolyte as claimed in claim 1, wherein the halogen-substituted carbonic ester is non-cyclic. 

3. An electrolyte as claimed in claim 1 or claim 2, wherein the solvent of the nonaqueous electrolytic solution further 
comprises a cyclic carbonic ester. 

A. An electrolyte as claimed in any one d claims 1 ^ 
dielectric constant of not less than 4.0. 

S. An electrolyte as claimed in any one of claims 1 to 4, wherein the r*logen«ubstrtuled^ a hatogen- 

substituted non<yclic carbonic ester of formula [I] or a halogen-substituted cyclic carbonic ester of formula pi], 
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O 



R l - 



CH 2 



- O 



- C 



- O - CHj 



- R 



3 



[I] 



wherein R 1 and R 2 are each a halogen-substituted or unsubstituted alkyl group d 1 to 4 carbon atoms, hydrogen 
or halogen, with the proviso that at least one halogen is present in at least one of R 1 and R 2 ; 



wherein R 3 and R 4 are each a halogen-substituted or unsubsituted alkyl group of 1 to 2 carbon atoms, hydrogen 
or halogen, with the proviso that at least one halogen is present in at least one of FP and R 4 . 

e. An electrolyte as claimed in claim 5. wherein the halogen-substituted carbonic ester of formula (I] or formula pi] is 
a fluorine-substituted carbonic ester. 

7. An electrolyte as claimed in any one of claims 1 to 6, wherein the polymer matrix is a crosslkiked polymer matrix. 

8. An electrolyte as claimed in any one of claims 1 to 7, wherein the non-aqueous electrolytic solution is contained 
in an amount of at least 200% by weight based on the amount of the polymer matrix. 

9. An electrolyte as claimed in any one of claims 1 to 8, wherein the polymer matrix Is derived from monomer units 
which include units of an aery late monomer modified with an alky lene oxide. 

1 0. A solid battery comprising an electrolyte as claimed in any one of claims 1 to 9. 



H H 
- C - C - R 4 



[II] 
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